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(57) ABSTRACT 

The present invention provides a diaphragm attaching struc 
ture of an electrostatic capacity type pressure gauge Which 
can achieve an improvement of a measuring precision by 
inhibiting a poor Weld and a heat strain from being generated 
While restricting an increase of a cost With an easy manufac 
turing. 

The present invention is a diaphragm attaching structure of an 
electrostatic capacity type pressure gauge in Which a dia 
phragm for receiving a ?uid pressure is provided in a ten 
sional manner on one end of a tubular case, and a ?xed side 
electrode for picking up a de?ection displacement of the 
diaphragm as a change of an electric capacity is provided 
Within the tubular case on a side opposite to a pressure receiv 
ing surface of the diaphragm, Wherein an outer peripheral 
edge portion of the diaphragm is formed thicker than a center 
portion thereof, and the thick outer peripheral edge portion is 
thermally molten to be Welded and ?rmly attached to an end 
surface portion around the opening on the one end of the 
tubular case. 

15 Claims, 3 Drawing Sheets 

W 
/ 
1: 3b 



US. Patent Sep. 28, 2010 Sheet 1 of3 US 7,802,482 B2 



US. Patent Sep. 28, 2010 Sheet 2 of3 US 7,802,482 B2 

3a 

s 

K 



US. Patent Sep. 28, 2010 Sheet 3 of3 US 7,802,482 B2 



US 7,802,482 B2 
1 

DIAPHRAGM ATTACHING STRUCTURE OF 
ELECTROSTATIC CAPACITY TYPE 

PRESSURE GAUGE 

TECHNICAL FIELD 

The present invention relates to a diaphragm attaching 
structure of an electrostatic capacity type pressure gauge in 
Which a diaphragm for receiving a ?uid pressure is provided 
in a tensional manner on one end of a tubular case, and a ?xed 

side electrode for picking up a de?ection displacement of the 
diaphragm as a change of an electric capacity is provided 
Within the tubular case on a side opposite to a pressure receiv 

ing surface of the diaphragm, such as a pressure gauge used as 
a mass ?oW sensor in a mass ?oW controller. 

BACKGROUND ART 

As this kind of diaphragm of the electrostatic capacity type 
pressure gauge, in order to achieve a pressure measurement 
having a high precision, there has been generally employed a 
thin ?lm having a uniform thickness equal to or less than 0.1 
mm as a Whole in a range betWeen 25 and 125 um. Further, a 
diameter thereof is very small such as about 1 inch (25.4 mm). 

In order to attach the diaphragm made of the thin ?lm and 
having the small diameter to the tubular case in a ?xed state, 
in general, there has been conventionally employed a means 
for directly ?rmly attaching a thin outer peripheral edge por 
tion of the diaphragm to an end surface portion around the 
opening on the one end of the tubular case in accordance With 
a Tig Welding or the like. 

HoWever, in a case of employing the general means for 
Welding the thin outer peripheral edge portion to the end 
surface portion of the tubular case so as to be ?rmly attached 
as mentioned above, the tubular case is hard to be molten and 
the diaphragm is easily molten due to a difference betWeen a 
groove volume of the tubular case and a groove volume of the 
outer peripheral edge portion of the diaphragm Which are to 
be Welded and ?rmly attached to each other. Accordingly, a 
Weld penetration of the Welded position becomes uneven and 
a poor Weld tends to be generated, so that a deterioration of a 
production yield ratio tends to be caused. Further, in the 
diaphragm having the small thickness, the outer peripheral 
edge portion is thermally molten rapidly and a Weld heat 
makes progress toWard a center portion of the diaphragm. 
HoWever, since a progressing degree of the Weld heat is not 
uniform in all the circumference of the diaphragm but is 
dispersed in a circumferential direction, a heat strain such as 
an annular crimp Which does not have a shape similar to the 
outer peripheral edge portion is generated in an inner periph 
ery of the Weld outer peripheral edge portion, and a distortion 
displacing amount of the diaphragm is adversely affected by 
the heat strain. As a result, there is caused a problem that it is 
impossible to secure a predetermined pressure measuring 
precision. 

The poor Weld and the generation of the heat strain can be 
reduced to a certain level by an improvement of a Welding 
skill, hoWever, a deterioration of the yield ratio and an 
increase of a production cost are caused in the light of a 
production technique, and an accurate measuring precision 
cannot be secured at all. 

Accordingly, there has been conventionally proposed a 
diaphragm in Which radial or multiple concentric Waves or 
crimps are previously and positively formed in a Whole region 
of a centerportion thereof by press molding the centerportion 
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2 
except an outer peripheral edge portion, as a diaphragm of an 
electrostatic capacity type pressure gauge (for example, refer 
to Patent Document 1). 

Patent Document 1: US. Pat. No. 4,434,203 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 

In accordance With the diaphragm as shoWn in Patent 
Document I mentioned above, since a surface area of the 
radial or multiple concentric Waves or the crimps formed in 
the center portion is su?iciently large, it is possible to e?i 
ciently radiate the Weld heat making progress toWard the 
center portion so as to hold back the progress at a time of 
Welding the outer peripheral edge portion of the diaphragm to 
the end surface portion of the tubular case, thereby inhibiting 
the uneven heat strain from being generated in the circumfer 
ential direction. HoWever, it is unavoidable that the poor Weld 
is generated by the unevenness of the Weld penetration of the 
Welded position due to the difference of the groove volumes, 
as Well as the reduction of the measuring precision caused 
thereby. In addition, there has been a problem that a manu 
facturing cost of a Whole of the electrostatic capacity type 
pressure gauge becomes expensive, due to an increase of a 
complicated manufacturing man hour such as previously 
forming the radial or multiple concentric Waves or the crimps 
in the diaphragm itself by the press molding or the like, and a 
deterioration of the yield ratio in Which the improvement of 
the Welding skill is essential. 

The present invention is made by taking the actual condi 
tions mentioned above into consideration, and an object 
thereof is to provide a diaphragm attaching structure of an 
electrostatic capacity type pressure gauge Which can achieve 
an improvement of a measuring precision by inhibiting a poor 
Weld and a heat strain from being generated While restricting 
an increase of a cost With an easy manufacturing. 

Means for Solving the Problem 

In order to achieve the object mentioned above, in accor 
dance With the present invention, there is provided a dia 
phragm attaching structure of an electrostatic capacity type 
pressure gauge in Which a diaphragm for receiving a ?uid 
pressure is provided in a tensional manner on one end of a 
tubular case, and a ?xed side electrode for picking up a 
de?ection displacement of the diaphragm as a change of an 
electric capacity is provided Within the tubular case on a side 
opposite to a pressure receiving surface of the diaphragm, 
Wherein an outer peripheral edge portion of the diaphragm is 
formed thicker than a center portion thereof, and the thick 
outer peripheral edge portion is thermally molten to be 
Welded and ?rmly attached to an end surface portion around 
the opening on the one end of the tubular case. 

In this invention, it is preferable that the thick outer periph 
eral edge portion of the diaphragm is formed in a symmetrical 
shape back to front While setting a center of thickness of the 
diaphragm to a center of symmetry, and further, it is prefer 
able that the outer peripheral edge portion of the diaphragm is 
formed With a thickness having a volume Which is equal to or 
approximately equal to a groove volume of the tubular case to 
be Welded. 

Effect of the Invention 

In accordance With the present invention employing the 
feature and the structure as mentioned above, it is possible to 
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have a su?icient Weld margin (a Weld penetration margin) by 
making the outer peripheral edge portion of the diaphragm 
thicker, and it is possible to easily and securely Weld Without 
any mistake even under a loW Welding skill, by uniformly 
penetrating the outerperipheral portion. Further, it is possible 
to restrict as much as possible a generation of a heat strain 
caused by a progress of a Weld heat toWard a center portion of 
the diaphragm so as to secure a predetermined de?ection 
displacing amount. Accordingly, it is possible to achieve an 
improvement of a pressure measuring precision. Further, in 
manufacturing the diaphragm, it is possible to easily manu 
facture the thin diaphragm in Which only the outer peripheral 
edge portion is made thick, only by adding a masking step and 
an etching step. Therefore, since a manufacturing cost of the 
diaphragm is loWered, and it is possible to securely and easily 
Weld Without generating any poor Weld and Without necessity 
of a high Welding skill, there can be obtained an effect that it 
is possible to obtain an electrostatic capacity type pressure 
gauge having a high measuring precision While restricting an 
increase of a Whole manufacturing cost as much as possible. 

Particularly, it is possible to make the penetrating amount 
of the Welded position uniform and stable so as to manufac 
ture the highly precise electrostatic capacity type pressure 
gauge having the stable de?ection displacing amount With a 
good yield ratio by forming the outer peripheral edge portion 
of the diaphragm With the thickness having the volume equal 
to or approximately equal to the groove volume of the tubular 
case to be Welded, thereby achieving a further reduction of the 
cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional vieW shoWing an example of an 
electrostatic capacity type pressure gauge in accordance With 
the present invention. 

FIG. 2 is an enlarged vertical cross sectional vieW of a 
diaphragm of the electrostatic capacity type pressure gauge. 

FIG. 3 is a plan vieW of the diaphragm. 
FIG. 4 is an enlarged cross sectional vieW of a main portion 

shoWing a Weld state of an outer peripheral edge portion of the 
diaphragm. 

FIG. 5 is an enlarged cross sectional vieW of a main portion 
shoWing another example of the outer peripheral edge portion 
of the diaphragm of the electrostatic capacity type pressure 
gauge. 

DESCRIPTION OF SYMBOLS 

1 electrostatic capacity type pressure gauge 
2 cylindrical case 
2e end surface portion around opening 
3 diaphragm 
311 thick outer peripheral edge portion 
3b center portion 
4 ?xed side electrode 
t thickness of center portion 
t1 thickness of outer peripheral edge portion 
sc. center of symmetry 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

A description Will be given beloW of embodiments in 
accordance With the present invention With reference to the 
draWings. 

FIG. 1 is a cross sectional vieW shoWing one example of an 
electrostatic capacity type pressure gauge in accordance With 
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4 
the present invention. The electrostatic capacity type pressure 
gauge 1 is structured such that a diaphragm 3 for receiving a 
?uid pressure of a gas or the like is provided in a tensional 
manner on one end of a tubular case 2 made of a corrosion 

resisting material such as a stainless steel, and a ?xed side 
electrode 4 for picking up a de?ection displacement of the 
diaphragm 3 as a change of an electric capacity is provided in 
a center portion Within the tubular case 2 on a side opposite to 
a pressure receiving surface of the diaphragm 3. 
The electrostatic capacity type pressure gauge 1 is 

arranged to be inserted into a concave space 6 formed in a 
pressure gauge attaching block 5 in such a manner that the 
diaphragm 3 opposes to a ?uid pressure detecting port 11, and 
is fastened and ?xed to a pressure gauge attaching block 5 in 
a state Where a seal ring 9 such as a metal gasket is interposed 
betWeen an annular ?ange portion 7 integrally formed on the 
other end side of the cylindrical case 2 so as to protrude to an 
outer side, and an annular step portion 8 formed in a periph 
eral portion on an opening end side of the concave space 6, 
and the annular ?ange portion 7 is pressed to the annular step 
portion 8 via an annular pressing member 10 and a fastening 
bolt 14. 

Further, in such a used aspect mentioned above, When a 
?uid pressure of the ?uid pressure detecting port 11 is applied 
to the diaphragm 3 and the diaphragm 3 is displaced in a 
de?ecting manner in proportion to the ?uid pres sure, a de?ec 
tion displacing amount thereof is picked up as a change of an 
electric capacity from the ?xed side electrode 4, and is pro 
cessed by an electric circuit provided independently from the 
electrostatic capacity type pressure gauge 1, Whereby the 
?uid pressure of the gas or the like is measured. 
The diaphragm 3 in the electrostatic capacity type pres sure 

gauge 1 structured as mentioned above and used as mentioned 
above is formed such that an outer peripheral edge portion 3a 
thereof is formed thicker than a center portion 3b. Speci? 
cally, as shoWn in FIGS. 2 and 3, a thickness t of the center 
portion 3b is formed uniformly in a range betWeen 25 and 125 
um, hoWever, the outer peripheral edge portion 3a is formed 
in a symmetric shape back to front While setting a center of the 
thickness t of the center portion 3b as a center sc. of symmetry 
so as to have a Whole thickness t1 of about 500 um. 
As shoWn in FIG. 4, the diaphragm 3 thus formed is ?rmly 

attached to an end surface portion 2e around an opening on 
one end of the cylindrical case 2 by pressing the outer periph 
eral edge portion 3a to the end surface portion 2e around the 
opening on the one end of the cylindrical case 2 via an annular 
intermediate Weld member 12, and in this state, Tig Welding 
in such a manner as to thermally melt a Whole periphery of a 
region surrounded by a single-dot chain line in FIG. 4. 

At this time, since the outer peripheral edge portion 3a of 
the diaphragm 3 is formed With the thickness having the 
suf?cient penetrating margin, it is possible to stably secure 
the uniform Weld penetrating amount all around the periphery 
of the Welded position. Accordingly, the Weld heat hardly 
makes progress toWard the thin center portion 3b so as to 
suppress generation of the heat strain as Well as it is possible 
to securely and easily Weld and ?rmly attach Without gener 
ating any poor Weld. Therefore, it is possible to secure a 
predetermined de?ection displacing amount of the center 
portion 3b so as to achieve an improvement of the pressure 
measuring precision. 

In particular, it is preferable to form the outer peripheral 
edge portion 3a of the diaphragm 3 With such a thickness 
having a volume Which is equal to or approximately equal to 
a groove volume of the portion on the one end side rather than 
a V-shaped recess 13 provided in an outer peripheral surface 
portion near the end surface portion 2e around the opening on 
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the one end of the cylindrical case 2 to be Welded, as shown in 
FIG. 4. In this case, since the Weld penetrations of the Weld 
portions in the outer peripheral edge portion 3a of the dia 
phragm 3 and the end surface portion 2e of the cylindrical 
case 2 become uniform, and the Weld penetrating amount is 
stabilized over a Whole periphery, generation of the heat strain 
is further loWered, and it is possible to achieve a further 
improvement of the pressure measuring precision. 

Further, thickening of the outer peripheral edge portion 3a 
of the diaphragm 3 can be achieved only by adding a masking 
step and an etching step to a general manufacturing of extract 
ing a plurality of diaphragms 3 from a large thin plate member 
by masking and etching, and it is easy to manufacture in 
comparison With the diaphragm shoWn in Patent Document I 
mentioned above, and it is possible to achieve a reduction of 
a manufacturing cost. 

In the embodiment mentioned above, the outer peripheral 
edge portion 3a of the diaphragm 3 is formed in the symmetri 
cal shape back to front While setting the center of the thick 
ness t of the center portion 3b to the center sc. of the symme 
try, but may be formed in an asymmetrical shape in Which the 
thickness is increased only to one of the front and back sides 
of the center portion 3b, as shoWn in FIG. 5. 

INDUSTRIAL APPLICABILITY 

Since the diaphragm attaching structure of the electrostatic 
capacity type pressure gauge in accordance With the present 
invention can suppress generation of the poor Weld and the 
heat strain so as to achieve the improvement of the measuring 
precision, While being easily manufactured and suppressing 
the increase of the cost, the diaphragm attaching structure can 
be applied to an electrostatic capacity type pressure gauge, 
such as a pressure gauge used as a mass ?oW sensor in a mass 

?oW controller, in Which a diaphragm for receiving a ?uid 
pressure is provided in a tensional manner on an opening side 
on one end of a tubular case, and a ?xed side electrode for 
picking up a de?ecting displacement of the diaphragm as a 
change of an electric capacity is provided Within the tubular 
case on a side opposite to a pressure receiving surface of the 
diaphragm. 

The invention claimed is: 
1. A diaphragm attaching structure of an electrostatic 

capacity type pressure gauge, in Which a metal diaphragm for 
receiving a ?uid pressure is provided in a tensional manner on 
one end of a metal tubular case, and a ?xed side electrode for 
picking up a de?ection displacement of the diaphragm as a 
change of an electric capacity is provided Within the tubular 
case on a side opposite to a pressure receiving surface of the 
diaphragm, Wherein an outer peripheral edge portion of the 
diaphragm is annular and formed thicker than a center portion 
thereof, and the thick outer peripheral edge portion and adja 
cent one end of the metal tubular case is thermally molten to 
form a Weldment to ?rmly attached an end surface portion 
around the opening on the one end of the tubular case to the 
diaphragm. 

2. The diaphragm attaching structure of an electrostatic 
capacity type pressure gauge according to claim 1, Wherein 
the thick outer peripheral edge portion of the diaphragm is 
formed in a symmetrical shape back to front While setting a 
center of thickness of the diaphragm to a center of symmetry. 

3. The diaphragm attaching structure of an electrostatic 
capacity type pressure gauge according to claim 1, Wherein 
the outer peripheral edge portion of the diaphragm is formed 
With a thickness having a volume Which is equal to or approxi 
mately equal to a volume of the portion on the one end side 
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6 
rather than a recess provided in an outer peripheral surface 
portion around the opening on the one end of the tubular case 
to be Welded. 

4. The diaphragm attaching structure of an electrostatic 
capacity type pressure gauge according to claim 2, Wherein 
the outer peripheral edge portion of the diaphragm is formed 
With a thickness having a volume Which is equal to or approxi 
mately equal to a volume of the portion on the one end side 
rather than a recess provided in an outer peripheral surface 
portion around the opening on the one end of the tubular case 
to be Welded. 

5. In an electrostatic capacity pressure gauge, having a 
holloW metal casing for operative attachment to a source of 
?uid, the improvement comprising: 

a one piece metal diaphragm having a planar central por 
tion that is pressure displaceable by the ?uid and an 
annular outer peripheral edge portion that is thicker than 
the central portion thickness and is integrally mounted 
by Weldment to the holloW metal casing to seal one end 
of the metal holloW casing. 

6. The electrostatic capacity pressure gauge of claim 5 
Wherein the outer peripheral edge portion is formed in a 
cross-sectional symmetrical shape With the central portion 
integrally extending from and around an inner intermediate 
position of the symmetrical shape of the outer peripheral edge 
portion. 

7. The electrostatic capacity pressure gauge of claim 6 
Where the outer peripheral edge portion Width is equal to a 
thickness of one end of the holloW metal casing. 

8. The electrostatic capacity pressure gauge of claim 7 
Wherein the center portion thickness is betWeen 25 um and 
125 um. 

9. The electrostatic capacity pressure gauge of claim 8 
Wherein the thickness of the outer peripheral edge portion is 
approximately 500 um. 

10. In an electrostatic capacity pressure gauge for measur 
ing a ?uid pressure having a holloW method casing With a 
?xed electrode mounted in the holloW mold casing and a 
metal diaphragm secured to the holloW metal casing so that 
one side of the metal diaphragm is adjacent the ?xed electrode 
and the other side of the metal diaphragm is in contact With 
the ?uid and subject to a de?ectional displacement by the 
?uid pressure Which the ?xed electrode can perk up as a 
change of an electric capacity representative of the ?uid pres 
sure, the improvement comprising: 

a one piece metal diaphragm having parallel planar surface 
across a central portion that is pressure displaceable by 
the ?uid and an integral annular outer metal peripheral 
edge portion that has a thin ?lm that is multiple times the 
central portion thickness, the central portion thickness is 
Within a range of 25 pm to 125 um and the metal of the 
annular outer metal peripheral edge portion is compat 
ible With the holloW metal casing to be integrally 
mounted by a Weldment to the holloW metal casing to 
seal one end of the metal holloW casing. 

11. The electrostatic capacity pressure gauge of claim 10 
Wherein the outer peripheral edge portion is formed in a 
cross-sectional symmetrical shape With the central portion 
integrally extending from and around an inner intermediate 
position of the symmetrical shape of the outer peripheral edge 
portion. 

12. The electrostatic capacity pressure gauge of claim 11 
Where the outer peripheral edge portion Width is equal to a 
thickness of one end of the holloW metal casing. 

13. The electrostatic capacity pressure gauge of claim 12 
Wherein the thickness of the outer peripheral edge portion is 
approximately 500 um. 
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14. The electrostatic capacity pressure gauge according to 
claim 10, Wherein the thick outer peripheral edge portion of 
the diaphragm is formed in a symmetrical shape back to front 
While setting a center of thickness of the diaphragm to a center 
of symmetry. 

8 
15. The electrostatic capacity pressure gauge according to 

claim 10 Where the metal diaphragm is stainless steel. 


